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Introduction
In the calculation of stresses in structures certain assumptions are introduced, which may have a significant impact on the calculation results of stress in the structure, and therefore on level of safety of the structure. Structural analysis for a given structure is normally conducted using an idealized structural system, by which the actual behaviour of that structure is approximated [1, 2] . This idealization of structural system reduces the accuracy of analysis of the stress and strain situation in structures, and leads to a situation in which the theoretical behaviour deviates from the actual behaviour of a structure.
The analysis of stress in reinforced concrete structure was conducted theoretically by the finite-element method (FEM) [3] [4] [5] and experimentally [6] [7] [8] by laboratory testing of a medium density fibreboard model in order to determine the real state of stress in RC structure.
The stress and strain situation in the reinforced concrete (RC) frame structure of a sports hall grandstand, Figure 1 , is considered in the paper. The span of the structure is 4.5 m and the total height is 9.5 m. The structure is four times statically indeterminate. It is formed of two columns 2.7 m and 9.5 m in height, 38/38 cm in crosssection, and of a beam 4.85 m in length, 38/54 cm in cross-section. The columns are attached to the base, and the top edge of a higher column is supported against sliding. The beam and the column are rigidly connected to one another. The experimental testing of the structure was conducted on a medium density fibreboard scale model. Results obtained by experimental testing were compared with the results previously obtained by calculation based on dimensional analysis [9, 10] and FEM analysis.
Determination of mechanical properties of medium density fibreboard
The reinforced concrete structure model to be used in laboratory testing was made on the scale of 1:10 using the medium density fibreboard (MDF) plate 38 mm in thickness. Mechanical properties of the medium density fibreboard out of which the model was prepared were determined before the actual model testing. Medium density fibreboard specimens were tested using the ZWICK apparatus. Z600E is a universal compression-tension testing apparatus, 600 kN in capacity, operated by electric traction. It is a state-of-the art and highly accurate laboratory testing apparatus. Tensile strength of the medium density fibreboard in the direction of fibres and opposite to the direction of fibres was determined by flexural strength testing on the specimen size l/b/h = 38/3.8/3.8 cm [11] , Figure 2 The tensile strength data for the medium density fibreboard specimen subjected to flexural strength testing, in the direction parallel to fibres and perpendicular to fibres, are presented in Table 1 . Based on the data given in Table 1 , it can be concluded that tensile strength of the medium density fibreboard is almost identical at load applied parallel to fibres and at load applied perpendicular to fibres. Strain diagrams for specimens 1, 2, 3 with load applied parallel to fibres are presented in Figure 3 . Strain diagrams for the specimens 4, 5, 6 with load applied perpendicular to fibres are presented in Figure 4 . Compressive strength of the medium density fibreboard plate subjected to load parallel to fibres was determined on prismatic specimens measuring d/b/h=7.6/3.8/7.6 cm, Figure 5 . The data on compressive strength of the medium density fibreboard subjected to load parallel to fibres are shown in Table 2 . The strain diagram for the specimens 1, 2, 3 at compressive load parallel to fibres is shown in Figure 6 . Compressive strength of the medium density fibreboard subjected to load perpendicular to fibres was determined on the specimens 4, 5, 6 measuring d/b/h=4/4/3.8 cm, Figure 7 . The data on compressive strength of the medium density fibreboard subjected to load perpendicular to fibres are shown in Table 2 . The strain diagram for the specimens 4, 5, 6 at compressive load perpendicular to fibres is shown in Figure 8 . According to the test results shown in Table 2 , it can be concluded that compressive strength of the medium density fibreboard subjected to compressive load perpendicular to fibres is 10 times greater than compressive strength at compressive load parallel to fibres. Elastic constants of the medium density fibreboard, elastic modulus E and Poisson ratio ν were determined on two prismatic specimens measuring d/b/h=7.6/3.8/22.8 cm at compressive load parallel to fibres. Strain was measured on prismatic specimens using resistance strain gauges, Figure 9 . a) b) Figure 9 -a) MDF specimens with resistance strain gauges in position, b) specimen 2 in testing machine during compressive strength testing parallel to fibres
Four resistance strain gauges were attached to the specimen 1: at the front side parallel to fibres T1 and perpendicular to fibres T2, and at the back side parallel to fibres T4 and perpendicular to fibres T3. Four resistance strain gauges were attached to the specimen 2: at the front side parallel to fibres T2 and perpendicular to fibres T1, and at the back side parallel to fibres T4 and perpendicular to fibres T3. The specimen 2 in the testing machine, subjected to compressive force parallel to fibres, is shown in Figure 9 b. Test results for specimens 1 and 2 are presented in Tables 3 and 4 , respectively. for the medium density fibreboard were calculated using data presented in Tables 3 and 4. 3 Laboratory testing of grandstand model
The model of the reinforced concrete grandstand structure, as needed for laboratory testing [12] [13] [14] , was made of the medium density fibreboard on the scale of 1:10, Figure 10 . The model was built in a single piece out of the medium density fibreboard plate 38 mm in thickness. Three steps were subsequently glued on to the beam to facilitate application of load during grandstand model testing.
The model with resistance strain gauges for deformation measurements, and with inductive strain gauges for displacement measurements [15, 16] , ready for testing, is presented in Figure 10b . The distribution of measurement points along the model is shown in Figure 11 Grandstand structure model testing was conducted in four loading phases, during which load was increased in each subsequent phase. In each phase, load was maintained for a specified time interval, i.e. until stabilization of strain values on the readout device. After that, the weight was removed from the model and the testing resumed with the second phase, at a higher load. The total load applied to model amounted to 300 N in the first phase, Figure 12a , 600 N in the second phase, Figure 12b , 1050 N in the third phase, Figure 12c , and 2190 N in the fourth phase, Figure 12d The test results in form of strain diagrams are presented in Figure 13 . Strain values were measured at the measurement points T3 and T4, which are situated at points subjected to maximum stress. Displacements were measured at four measurement points using inductive strain gauges, Figure 11 . Displacement diagrams with measurement points I1, I2, I3, I4 are presented in Figure 14 . The rosette formed of resistance strain gaugesT10, T11 i T12 is marked as the measurement point R2. Due to breakdown at resistance strain gauge T7, the measurement points T7, T8 i T9, forming the rosette marked as R1, were not included in the subsequent analysis. The uniaxial stress was determined at the measurement points T1, T2, T3, T4, T5 and T6 using the Hooke's law by applying the previously defined elastic modulus E=2700 MPa. Plane stress/strain was determined at the measurement point R2 (T10, T11, T12). Here the stress values x s and xy  were determined (the axis x corresponds to the beam axis, while the axis y is perpendicular to the beam axis). Stress values for all four loading phases are presented in Table 5 .The data on displacement registered in measurement points I1, I2, I3, I4 are presented in Table 6 . 
Computation of grandstand structure model
The grandstand structure 1:10 scale model, previously tested in laboratory, was analyzed using the software program package SAP2000 [17] . The model was formed using plate elements so that steps, glued to the model, and enabling easier application of load during model testing, can also be taken into account. The following mechanical properties were defined in the model: elastic modulus E = 2700 Mpa and Poisson ratio v=0.26. The finite element network [18] [19] is presented in Figure 15 . Network density is higher in the zone of the analyzed points. Figure 16 shows four model loading phases, which correspond to model loading phases during model testing in laboratory. 
Comparison of computation and model testing results
Comparison of the stress results in the first phase of loading is presented in Table 7 , and comparison of the displacement results is given in Table 8 . Comparison of the stress results in the second loading phase is presented in Table 9 , and comparison of the displacement results is given in Table 10 . Comparison of the stress results in the third loading phase is presented in Table 11 , and comparison of the displacement results is given in Comparison of the stress results in the 4thloading phase is presented in Table 13 , and comparison of the displacement results is given in Table 14 . Graphical comparison of the stress results in the 4thloading phase is presented in Figure 17 Figure 18 shows the load-stress diagram in the mid-span at the measurement point T4 obtained by model testing for all four loading phases. Figure 19 shows the load-displacement diagram in the mid-span at the measurement point I2 obtained by model testing for all four loading phases. Linear dependence of load-stress and load-displacement was obtained for all four loading phases by laboratory testing. The relationship between loads, stresses and displacements of the laboratory model and of structure prototype is defined by the dimensional analysis [9, 10] . The laboratory model of the structure, scaled 1:10, was prepared using the medium density fibreboard, and the scaling factor is:
The stress relationship between the laboratory model and the structure prototype is:
The scale for load is:
Consequently, load acting on the laboratory model must be hundred times greater than those obtained by the analysis of the structure prototype.
The model of the structure was prepared in the program package SAP 2000. The elastic modulus of concrete 4 3 10 MPa   b E was adopted. The finite element network is similar to that of the 1:10 scale model tested in laboratory. To obtain a similar state of stress for the reinforced concrete structure and the model, the reinforced concrete structure should be subjected -according to dimensional analysis -to the load that is 100 times greater than the load applied on the model. At that load level of the reinforced concrete structure, the ratio of model to reinforced concrete structure deflections is 10/9. Test results were compared for the fourth loading phase in which the greatest (and hence the most relevant) load was applied. The reinforced concrete structure was subjected to total load of 219.0 kN which is one hundred times greater than the load exerted on the model 2.19 kN. The loading scheme and finite element network on the reinforced concrete structure is shown in Figure  21 . The comparison of stress values at the measurement points, as obtained by model testing and RC structure computation, is presented in The stress diagrams at sections 1-1, 2-2, and 3-3, as obtained by model testing and RC grandstand structure computation, are presented in Figures 22 a, b , and c. 
Conclusion
The 1:10 scale model of the RC grandstand structure, designed for laboratory testing, was made of the medium density fibreboard plate 38 mm in thickness. Model testing was conducted in four loading phases, and load was increased in each subsequent phase. The comparison between the results obtained by laboratory model testing and model computation results by finite element method was conducted for each model loading phase. Somewhat bigger differences are noted at the upper zone (measuring points T1, T3 and T5) which can be explained by the fact that "steps" were glued to the central piece of the laboratory model unlike the FEM model which was monolithic.
To obtain a similar state of stress in the RC grandstand structure and on the model, the reinforced concrete structure had to be subjected -according to dimensional analysis -to load that is 100 times greater than load applied on the model. The computation of the RC grandstand structure was conducted using the finite element method for load corresponding to the fourth phase of model loading, in which load was the greatest, with the linear dependence between load and stress, and between load and displacement.
Based on the analysis and comparison of the laboratory model testing results with model computation results for all four loading phases, and according to comparison with the results obtained by computation of the RC grandstand structure, it can be concluded that there is a good correspondence between the experimental and theoretical results for stress and displacement of the RC grandstand structure. The results, obtained from FEM model analysis (Table 13 -computation) and the real structure FEM model (Table15 -computation), are compared and show a very good correspondence. It would be interesting, in some future analysis, to create an adequate monolithic laboratory model and compare these results to the existing ones.
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